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ABSTRACT
The Cognitive, Behavioral, Affective, and Physiological Components of Social Cognition in
Esports and Education
by
Daisy Reyes
Advisor: Robert O. Duncan

Prior research has shown that collaborative learning, or groups of two or more individuals
working together towards a shared outcome, and Computer-Supported Collaborative learning has
the potential to positively impact learning outcomes. This study aims to add to existing literature
on collaborative learning by looking at how novices and experts learn and perform in esports
(electronic sports) teams, or highly coordinated digital teams that often compete in stressful
environments. Based on Carron’s Model of Cohesion in Sports Teams and Hanin’s Model of
Individualized Zones of Optimal Functioning (IZOF), the current study looks at the relationship
between cohesion (i.e., task and social) and performance and the role that personality (i.e.,
extraversion, agreeableness, conscientiousness, emotional stability, and intellect/imagination)
and physiological measures of arousal (i.e., mean pulse rate) plays in this relationship. The first
study observed how experts performed and portrayed cohesion through communication during
competition. During the second study, novices were randomly assigned to cohesion groups and
asked to compete in a novel multiplayer game in two teams of two players. Chi-square tests
revealed that both experts and novices made more task cohesion comments than social cohesion
comments, experts made more task cohesion comments than novices, and novices made more
social cohesion comments than experts. Simple linear regressions revealed that
iv

intellect/imagination may predict performance and emotional stability may predict levels of
arousal in novice individuals. No other significant relationships were found. A strict Bonferroni
correction and/or issues with questionnaire completion would suggest that there are no
significant relationships at all. Because of the small sample sizes in task and social cohesion
groups, comparisons between groups could not be made. Taken together, these results suggest
that, during competition, novices may value social cohesion more than task cohesion, whereas
experts may value task cohesion more than social cohesion. Additionally, the results suggest that
the amount of time that teams have worked together may impact the effect that social cohesion
has on the relationship between agreeableness and performance. Despite its limitations, this
study encourages a discussion on how individual and environmental factors affect cohesion and
performance in school, work, and sports teams.
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Introduction
The laboratory research presented here is primarily motivated by a desire to understand
and improve groupwork and collaborative learning in the classroom. Collaborative learning
involves groups of two or more individuals working together towards a shared learning outcome
(Bruffee, 1995; Barkley et al., 2014; Jeong & Hmelo-Silver, 2016). Unlike cooperative learning,
in which two or more individuals work in harmony and equally to contribute towards a task,
collaborative learning focuses on autonomy and promotes individual growth (Barkley et al.,
2014). Collaborative learning has been shown to positively impact learning, engagement, and
outcomes (e.g., academic achievement) (Barkley et al., 2014; Springer et al., 1999). To improve
collaborative learning outcomes, technology has been employed to support collaboration,
specifically, Computer-Supported Collaborative Learning (CSCL) (Jeong & Silver, 2016; Stahl,
Koschmann & Suthers, 2014). Technology has the potential to support collaboration by
providing an avenue for sharing resources and facilitating communication in groups. In a metaanalysis, Jeong, Hmelo-Silver, and Jo (2019) found that although the implementation of
technology may present difficulties for instructors (e.g., inability to regulate behavior) and
learners (e.g., having to learn how this new technology functions), overall, CSCL helps improve
learning outcomes (e.g., learning new concepts and principles) and affective outcomes (e.g.,
motivation, self-efficacy) from pre-K to the graduate level. This effect is moderated by numerous
factors like mode of collaboration (e.g., face-to-face, asynchronous, synchronous), type of
technology used (e.g., simulation, discussion, mobile), pedagogy (e.g., traditional, problemsolving, distance-learning, inquiry building), education level (e.g., elementary, secondary,
undergraduate), and learning domain (e.g., science, math, computer science). These factors, they
suggest, interact in complex ways to affect outcomes and there is a need for further exploration
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in this field (Jeong et al., 2019). Because of its highly coordinated digital teams, esports offers an
interesting avenue to explore how experts and novices learn and perform in groups. It is
particularly interesting to explore how these teams establish teamwork, collaboration, and
collective intelligence, since there is little to no formal training on how to become or perform as
an esports athlete.
Esports
The current research hopes to shed light on the physiology of team dynamics in esports.
Esports, or electronic sports, is a type of sport in which at least two individuals or teams
(Pedraza-Ramirez et al., 2020) compete against each other on videogames in highly competitive
championships. Over $25 million can be earned in competitions through winning championships
and sponsorships (Gray, 2018). Many games are played in esports tournaments, including action
video games (e.g., First Person Shooters such as Counter Strike: Global Offensive and
Multiplayer Online Battle Arena (MOBA) video games such as League of Legends) (Gray,
2018).
Through its use of video games and encouragement of teamwork, esports provides an
opportunity for individuals to develop cognitive and physical skills (Wagner, 2006). It is an
avenue to explore expertise by exploring skill acquisition and learning (Campbell et al., 2018).
Video games, especially action video games, have been shown to impact perceptual, attentional,
and cognitive skills (i.e., visuospatial, multi-tasking, cognitive control) (Bediou et al., 2018;
Palaus, 2017; Campbell, 2018). Furthermore, esports offers students opportunities to learn
teamwork, communication, and emotional regulation skills, as well as increases participation in
STEM (Anderson et al., 2018). Recognizing how skills learned through esports are similar to
skills needed to succeed in academia (e.g., communication, problem-solving skills), the North

2

America Scholastic Esports Federation (NASEF) was created to promote connected learning
through esports (Lee & Steinkuehler, 2019). Esports provides an opportunity for everyone to
contribute and gain marketable skills since it not only involves players, but also involves an
entire community, where other parties like coaches, analysts, event organizers, marketing teams,
etc., work together to host successful competitions (Lee & Steinkuehler, 2019). There has been
increased interest in implementing esports programs in high schools and colleges (Lee &
Steinkuehler, 2019), and there is a growing effort in making esports more diverse and inclusive
(North America Scholastic Esports Federation, 2021).
Despite this growing interest in esports, research on esports is nascent, with the earliest
publication by Bryce & Rutter in 2002 (Reitman et al., 2020). In their review of the literature,
Reitman et al. (2020) found that from 2002 to March 2018, there has been an increase in the
number of publications on esports from different fields such as business, sports science,
cognitive science, law, sociology, media studies, and informatics. Cognitive science research has
primarily investigated behavioral (e.g., habits) and cognitive differences (e.g., testosterone)
between novices and experts and individual performance (Reitman et al., 2020). Psychology
research has looked at esport players’ motivation, mental skills, and their perspectives on esports
and future careers in esports (for a full review, see Bányai et al., 2018). Informatics research has
focused on the factors that impact team performance (e.g., role selection, teammate familiarity).
Meanwhile, sports science literature has focused on the definition of esports and if it can be
considered a sport (Reitman et al., 2020). Research has not yet explored the physiology of team
dynamics in esports (e.g., physiological measures).
Much of the research in traditional sports generalizes well to esports (Taylor, 2012,
Bányai et al., 2018; Reitman et al., 2020). Both sports and esports involve play, organized
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events, competition, cash prizes, sponsorships, and fans (Bányai et al., 2018). Much of the debate
on whether esports can be considered a sport depends on the idea that no physical activity takes
place during games. In Raising the Stakes: E-sports and the Professionalization of Computer
Gaming¸ Taylor (2012) delineates criteria in which esports and sports are similar and discusses
the issue of physical activity. She mentions that during gameplay, athletes’ bodies are always
engaged with technology (e.g., maintain proper posture, quick hand movements on keyboards
and mice) and that they are constantly adapting to technology, environments, and gameplay
situations (e.g., tournament-provided technology, new venue, glitches in games). Players are
constantly practicing and warming up before matches, and many athletes report that they
experience headaches, eye strains, lack of sleep, and carpal tunnel syndrome likely due to their
hectic schedules and continued rigorous play (Taylor, 2012). Given the similarities between
esports and sports, two main models in sports psychology will inform the present study: Carron’s
Model of Cohesion in Sports Teams (1982) and Hanin’s (1997) Individualized Zones of Optimal
Functioning.
Carron’s Model of Cohesion in Sports Teams (1982)
Carron’s Model of Cohesion in Sports Teams (1982) delineates how environmental,
personal, leadership, team factors and outcomes affect team cohesion. Cohesion is “a dynamic
process that is reflected in the tendency for a group to stick together and remain united in pursuit
of its instrumental objectives and/or for the satisfaction of member affective needs” (Carron,
Brawley, and Widmeyer, 1998, as cited in Weinberg & Gould, 2019c, p. 192). Carron, Brawley,
and Widmeyer (1998) characterize cohesion as having two components: task cohesion and social
cohesion. Task cohesion focuses on a team’s ability to accomplish shared goals, and social
cohesion focuses on a team’s friendship and companionship. Environmental factors are factors
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that bring teams together such as an organization or a contract. Personal factors are personal
characteristics, or individual differences, such as demographic, cognition, motivation, and
personality. Leadership factors refers to leaders (e.g., group leaders, coaches) and leadership
styles. Team factors include group roles and group stability (e.g., how long a team has been
together). On an individual level, outcomes include individual satisfaction and individual
performance. On a team level, outcomes include team stability and team performance. These
factors (environmental, personal, leadership, and team) all affect group cohesion, which, in turn,
can affect individual and team outcomes, and outcomes can affect cohesion, as well. The current
study looks at the relationship between personal factors (personality), cohesion, and outcomes
(individual and team performance).
Cohesion and Performance
The relationship between cohesion and performance is complicated. Prior literature
(Mullen & Copper, 1994; Bray & Whaley, 2001; Paskevich et al., 2001) suggests that cohesion
is positively correlated with performance. However, recent research (Mullen & Copper, 1994;
Landers, Wilkinson, Hatfield, & Barber, 1982; Weinberg & Gould, 2019c; Carron, Spink, &
Prapervessis, 1997) suggests that there is a circular relationship between cohesion and
performance. The circular relationship between cohesion and performance appears to be
imbalanced, where cohesion has a stronger effect on performance than performance on cohesion
(Carron, Colman, Wheeler, & Stevens, 2002; Mullen & Copper, 1994; Grieve, Whalen, &
Meyers, 2000). Differences between research findings may be explained by differences in
methodology and operational definitions, as well as the type of team researchers are studying.
For example, Mullen and Copper (1994) and Carron, Colman, Wheeler, and Stevens (2002)
found that the strongest relationships between cohesion and performance were found in sports
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teams. Landers and Lueschen (1974) noted that the relationship between cohesion and
performance may depend on the type of sports, where interactive sports (e.g., soccer teams)
require more coordination between teammates and coactive sports (e.g., bowling teams) require
less coordination (as cited in Widmeyer & Gould, 2019c). Carron et al. (2002) found that
although cohesion was related to performance in both interactive and coactive sports, the effect
was stronger in interactive teams than coactive teams. When comparing different studies to
understand the relationship between cohesion and performance, the operational definition of
cohesion (Carron et al., 2002), the task structure (Carron et al., 2002) and type of sport (Landers
& Leuschen, 1974, as cited in Widmeyer & Gould, 2019c) should be clearly identified.
Personality and Performance
Carron’s Model suggests that various factors, such as personality, can influence the
relationship between cohesion and performance. Personality is a set of characteristics comprised
of three levels: the psychological core, the typical responses, and role-related behavior (Martens,
1975). The most constant level of personality representing individuals’ traits, attitudes, and
motives is the first level, or the psychological core. Analyzing previous work on the language of
personality by Klages (1926), Catell (1943, 1946, 1947, 1948), Norman (1967) and others,
Goldberg (1981) posited that there were five universal personality dimensions (Digman, 1990;
Carducci, 2009; Davis & Panksepp, 2018). These dimensions (Extraversion, Agreeableness,
Conscientiousness, Emotional Stability, and Intellect) constitute the Five Factor Model (FFM) of
personality, sometimes known as the Big Five or the OCEAN model (Openness,
Conscientiousness, Extraversion, Agreeableness, and Neuroticism) (Goldberg, 1992; Carducci,
2009). Extraversion, agreeableness, conscientiousness, emotional stability (or neuroticism), and
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intellect (or openness) may be associated with (the presence or lack of) being outgoing, being
cooperative, being meticulous, being anxious, or being open-minded, respectively.
In general, personality traits, by themselves, only account for some of the variation of the
success of an individual (Weinberg & Gould, 2019b). In their literature review, Bradley et al.
(2013) noted that prior studies have shown agreeableness to be positively correlated with team
performance (Bell, 2007, Halfhill, Nielsen, & Sundstrom, 2008; Hanlfhill, Nielsen, Sundstorm,
& Weilbaecher, 2005; Neuman, Wanger, & Christiansen, 1999). However, they explain that
studies have yet to investigate what facilitates this relationship. These previous studies suggest
that agreeableness may facilitate cooperation, communication, and positive interpersonal
relationships. Therefore, to understand the relationship between agreeableness, communication,
cohesion, and performance, Bradley et al. (2013) looked at 107 five-person teams of 513
undergraduate students who completed a business project together. The researchers found that
teams with higher levels of agreeableness communicate more and have higher levels of social
cohesion, which may help them perform better than teams with lower levels of agreeableness.
Further, their study suggests that communication precedes cohesion, where it could take longer
for a team to develop a strong level of cohesion than communication. Interestingly, they found
that teams that were highly agreeable had better communication and performance when they had
face-to-face interactions. Low agreeable teams that interacted virtually performed as well as high
agreeable teams that interacted face-to-face. Together, these findings suggest that virtualness
may impact how agreeableness impacts communication and performance. During competitions,
esports players interact over voice calls and in-game chat. It would be interesting to see how this
form of communication affects performance.
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Barrick et al. (1998) explored how personality and general mental ability affected team
effectiveness in 51 work teams (e.g., teams assembling small appliances or electronic equipment)
on a team and individual level and to what extent social cohesion (interactions between members
such as positive communication and workload sharing) affected this relationship. The authors
were also interested in comparing different methods (i.e., mean, variance, minimum and
maximum) to operationalize different aspects of team composition such as general mental ability
and personality because previous studies typically employed only one method (although they did
not make a direct hypothesis). The researchers found that mean and minimum methods best
predicted team success for some measures, suggesting that task type may help inform what
method may be most informative about relationships between variables on a group level. For
example, for additive tasks, they suggested that the mean may be the most appropriate method,
and for conjunctive tasks, they suggested that the minimum may be the most appropriate method.
Interestingly, among other findings, they found that teams high in mean conscientiousness are
perceived to perform better than teams low in mean conscientiousness, and teams high in mean
agreeableness and high in mean emotional stability are likely to be perceived to perform better.
Teams without disagreeable or introverted members were more likely to be perceived to perform
better. There was evidence that social cohesion mediated the relationship between mean
extraversion or emotional stability and team viability but not team effectiveness.
Barrick et al. (1998) provided some insight on the relationship between personality,
social cohesion, and team performance, and Van Vianen and De Dreu (2001) wanted to extend
this study to include task cohesion. They compared the sample of Barrick et al. (1998) and
looked at two new work teams: A sample of 24 drilling crews (84 males, three to five-member
teams), which planned, drilled holes, and installed pipes and cables, and a sample of 28 teams
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(107 female and male students, two to five-member teams) working on a psychology research
project. When drilling crews and student team scores were combined, the researchers found that
the minimum level of conscientiousness was correlated with team performance. In student teams,
there was a significant positive correlation between mean agreeableness and team performance.
Additionally, the researchers found that teams with higher mean, minimum, and maximum
extraversion or emotional stability have greater social cohesion levels. This relationship is
significant in student teams, but no significant relationships are found in drill teams. Mean
conscientiousness or agreeableness was significantly positively correlated with task cohesion.
Variance in conscientiousness or emotional stability were significantly negatively correlated with
task cohesion. There was no support for the notion that task cohesion facilitates the relationship
between minimum level of conscientiousness and team performance. Their study has limitations
in that the teams they looked at varied in time they worked together and the type of tasks they
had to conduct. Additionally, the researchers did not look at individual differences. These studies
suggest that researchers should look at both team and individual measures, social cohesion may
moderate the effect between agreeableness and performance, and the effects of task cohesion
should be further investigated. Additionally, they suggest that task type may affect these
relationships, so they should be considered when operationalizing measures.
Personality and Performance in Esports
There is limited research on the relationship between personality and performance in
esports. For example, Matuszewski, Dobrowolski, and Zawadzki (2020) found that there are
some personality differences between higher ranking and lower ranking players. In their
literature review, the authors noted that, in traditional sports, extraversion and conscientiousness
have been found to be positively correlated with performance and lower levels of neuroticism are
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associated with performance (Kirkcaldy, 1982; Kerr & Cox, 1991; Egloff & Gruhn, 1996; Kahn
et al., 2016; Piedmont et al., 1999). Raglin (2001) suggests that emotional stability affects
performance. Given the similarities between esports and traditional sports, the authors explored
the relationship between personality and performance in players in an esport game known as
League of Legends. Analyzing data from a total of 206 participants that completed their online
questionnaire, they found that there was a significant difference between high-ranking and lowranking League of Legends players. Low ranking players had higher levels of extraversion and
agreeableness and lower levels of openness than high ranking players. Although athletes are high
ranking players, not all high-ranking players are athletes; athletes have more experience playing
in teams and competing at high levels with higher stakes (i.e., prize money). Therefore, it may be
helpful to explore personality differences between professional and non-professional players.
Hanin’s (1997) Model of Individualized Zones of Optimal Functioning (IZOF)
Carron’s Model of Cohesion focuses on behavioral factors but does not consider
physiological factors that can affect performance. Hanin’s (1997) model of Individualized Zones
of Optimal Functioning (IZOF) considers how anxiety affects performance. Specifically, it posits
that anxiety affects an athlete’s performance in different ways, where what might be an ideal
state anxiety level for high performance for one athlete may be less than ideal for another athlete
or, in fact, detrimental to his or her performance. Unlike the inverted-U hypothesis (Yerkes &
Dodson, 1908), which suggests that arousal helps increase performance until a certain optimal
point and past this point, arousal negatively affects performance, Hanin’s IZOF model suggests
that there is no universal way in which arousal impacts performance and calls for an
individualized approach.
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Arousal, Stress, and Anxiety
Although the term stress has been used throughout different disciplines, such as
psychology, sociology, and biology, a consensus on its definition among disciplines has not yet
been achieved (Lazarus & Folkman, 1984, Lazarus, 1999). It is sometimes confused with a
stressor, or a stimulus eliciting a stress response. However, for physiologists, stress is more
commonly defined as a psychophysiological response to a stressor (Weinberg & Gould, 2019a;
Gould, Greenleaf, & Krane, 2002; Carlson & Brikett, 2017, 2022). Stress can be characterized
through changes in the parasympathetic nervous system (PNS) and sympathetic nervous system
(SNS), including the sympathetic adrenal-medullary system (SAM system), and changes in the
hypothalamic pituitary adrenal axis (HPA axis) (Weinberg & Gould, 2019a; Carlson & Brikett,
2017, 2022; Schroeder, 2017; Murison, 2016). The HPA Axis is comprised of the hypothalamus
that releases corticotropin-releasing hormone (CRH), the anterior pituitary gland that releases
adrenocorticotropic hormone (ACTH), and the adrenal cortex. The adrenal cortex releases
cortisol, a glucocorticoid, which affects glucose metabolism, energy, performance, and
behavioral responses. According to Murison (2016), cortisol levels can be measured 15-20
minutes of HPA axis activation and can easily be found in tissue or body fluids (p. 36). The
SAM system is comprised of the adrenal medulla and SNS, mediated by the locus coeruleus
(LC). Activation of the adrenal medulla produces the catecholamines adrenaline (or epinephrine)
and noradrenaline (or norepinephrine), which are responsible for the “fight-or-flight” response.
When confronted with a stressor, the Autonomic Nervous System, comprised of the SNS and
PNS, is responsible for physiological changes in pupil dilation, salivation, heartbeat, and
sweating, among other changes (Carlson & Birkett, 2017, p. 85). Arousal levels, therefore, can
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also be measured through changes in heart rate, heart rate variability, skin conductance, and
catecholamines (Weinberg & Gould, 2019a; Brentson, Quigley, & Lozano, 2007).
Arousal and Performance
Arousal/stress has been shown to impact performance (Hanton, Neil, & Mellalieu, 2008,
2011; Weinberg & Gould, 2019a). Research has shown that arousal/stress leads to changes in
attention and concentration, which impacts performance (Janelle, 2002; Wilson, 2010; Williams
& Elliot, 1999; Nideffer, 1976, as cited in Weinberg & Gould, 2019a). Hanton et al. (2008)
reviewed the literature on the arousal-performance relationship and how it has moved from
considering anxiety as only a negative emotion to understanding that anxiety can be facilitative
based on an individuals’ interpretation of anxiety symptoms. The introduction of this idea led
researchers to explore the factors that mediate this relationship, where they learned that personal
(e.g., personality, coping strategies, sex) and situational (e.g., experience, skill level,
performance) variables affect how arousal/stress impacts performance. For example, Hanton and
Jones (1999) interviewed elite swimmers and learned that rather than trying to diminish the
intensity of anxiety symptoms, they used skills like self-talk and imagery to interpret these
symptoms as facilitative, unlike non-elite swimmers.
Personality and Stress
Individual factors like personality have been shown to impact stress levels. Individuals
high in neuroticism levels have been associated with poor stress responses, often interpreting
stressors as threats or negative (Schneider, 2004; Jackson & Schneider, 2014) and reporting more
stressful encounters (Wearing and Hart, 1996, as cited in Baumgartner & Schneider, 2018).
Individuals high in extraversion and agreeableness may lead to less burnout (Zellars et al., 2000),
and higher levels of extraversion and openness are more likely to have a positive outlook on
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events and well-being (Headey & Wearing, 1989; Widiger, 2017; Baumgartner & Schneider,
2018). Individuals with higher levels of conscientiousness report fewer daily hassles (Vollrath,
2000).
Cohesion and Stress
Cohesion is primarily associated with group performance, and the relationship between
cohesion and stress has largely been unexplored. However, the research of Parkes (1986) and
Griffith (1997) provide some insight into the potential relationship between the two variables.
Griffith (1997) notes that although military studies of cohesion have shown support for the effect
of cohesion on performance, these studies do not consider other factors that may affect the
relationship. Cohesion has typically been associated with performance, and social support has
typically been explored alongside health and stress. However, military research often
conceptualizes cohesion similarly to social support. For example, cohesion is multidimensional,
consisting of task and social cohesion aspects, and social support describes individuals providing
support and resources. Both concepts emphasize connectedness and facilitate group productivity
(for a full review, see Griffith, 1997). Given these similarities, Griffith (1997) analyzed
questionnaire data gathered from 9,013 U.S. Army soldiers to understand the role that stress (i.e.,
the number of hours worked), strain, and group disintegration play in the relationship between
cohesion and performance. There was a weak significant relationship between stress and
perceived individual combat performance, and stress significantly affected perceived group
combat performance. Cohesion contributed significantly to the variance in perceived individual
and group combat performance. However, task support was a better predictor of perceived
individual and group combat performance than emotional support. Griffith (1997) mentions that
research has shown support for the effect of task and social cohesion on performance and group
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functioning. The author mentioned that the latter finding may perhaps be best explained by Gully
et al. (1993) who suggest that the effect that task or social cohesion has on performance depends
on the type of task. For example, in additive tasks (e.g., tug of war), task cohesion improves
performance, and social cohesion has no effect. In disjunctive tasks (e.g., group solving a math
problem), both task and social cohesion facilitate performance. Additionally, Griffith (1997)
found that team task support had a stronger mediating effect on the relationship between stress
and perceived individual and group combat performance than emotional support.
On an individual level, personality has the potential to impact the relationship between
cohesion and stress. Parkes (1986) explores how individual differences (i.e., personality traits of
extraversion and neuroticism), environmental factors (social support and work demand), and
situational factors (type of stressful episode and perceived importance) predict coping. The
researchers had 150 female students in a nursing program complete questionnaires to assess their
personality, work-related social support, perceived work demand, and ways of coping, and they
conducted semi-structured interviews to examine a recent stressful episode and how the
interviewee coped. The results supported Folkman & Lazarus’ (1980) transactional model of
stress. In this model, an individual’s stress response is influenced by his or her conscious or
unconscious appraisal, or evaluation of a stressor (Lazarus & Folkman, 1984; Schneider, 2004;
Baumgartner & Schneider, 2018). Lazarus & Folkman (1984) consider cognitive appraisal as a
process, where primary and secondary appraisals, interdependent of each other, help shape
whether a stressor is viewed in a continuum as a threat or challenge. A primary appraisal is an
assessment of a stressor’s relevance, potential for harm, risk, or rewards. A secondary appraisal
is an assessment of available coping resources and consequences of taking advantage of or not
taking advantage of them. Generally, a stressor is viewed as a threat if an individual perceives
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that he or she does not have the necessary coping mechanisms to address a stressor. A stressor is
viewed as a challenge if an individual perceives that the stressor requires effort, and the
individual has the proper coping mechanisms to address the stressor. For example, if an
individual has a math test, he or she will view this test as a threat if the questions were difficult
and he or she does not have the tools to do well. Alternatively, the individual would see the test
as a challenge if the test had fair questions and the individual felt that he or she had problem
solving skills, a coping mechanism or competency. The process of appraisal includes
reappraisals, where primary and secondary appraisals are reconsidered, and stressors are
reevaluated. Environmental (i.e., novelty, event uncertainty, team or individual settings,
expectations) and individual factors (i.e., personality, experience, commitment, beliefs) influence
an individual’s appraisal of a stressor and may affect the physiological stress response (Lazarus,
1993; Lazarus & Folkman, 1984, Schneider, 2004). Additionally, Parkes’ (1986) findings
suggest that situational factors also play a role in coping. She found that personal, situational,
and environmental factors all influenced direct coping, but direct coping and suppression were
most influenced by personal and situational factors. Although there was no significant interaction
between extraversion and social support, for extraverts, there was evidence of a trend that high
social support facilitated direct coping. Neuroticism and work demand significantly impacted
direct and suppressive coping. Individuals with high neuroticism, regardless of work demand,
did not apply direct coping. On the other hand, individuals with low neuroticism had an invertedu relationship with working demand and direct coping, where moderate work demand led to the
most direct coping. Additionally, individuals with low neuroticism and high work demands
reported that they employed suppression as a coping strategy frequently, and individuals with
high neuroticism and high work demands employed suppression strategies less frequently. Taken
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together, these studies suggest that the relationship between cohesion and stress may depend on
the type of task and team members’ personality traits.
Esports and Stress
Research on the relationship between esports and stress is largely exploratory and focuses
on perceived stressors and mental skills players experience (Bányai et al., 2018; Reitman, 2020;
Smith et al., 2019; Himmelstein et al., 2017; Palanichamy et al., 2020; Leis & Lautenbach,
2020). Himmelstein, Liu, and Shapiro (2017) conducted semi-structured interviews for 5
competitive players to see what obstacles for optimal performance competitive players encounter
and what mental skills they use or see others use to perform well. They categorized obstacles on
an individual (e.g., emotion regulation), team (e.g., team reliance), and life/gaming level (e.g.,
gaming-life balance). Players perceived communication, emotion regulation, attentional control,
and motivation skills as crucial to success. They noted that a few participants mentioned
mechanical skills (e.g., hand movement speed, reflexes), but they were not included because they
are physical skills, rather than mental skills. They suggested, however, that esports coaches
should consider that both physical and mental skills contribute to high performance—even going
so far as suggesting that mental skills could perhaps enhance already existing physical skills.
Although this research provides insight on some of the stressors that competitive players face
and their perception of available coping resources, it does not specifically look at professional
esports players. Additionally, it lacks external validity, as they had a small sample size and used
convenience sampling to recruit participants.
Similarly, Smith et al. (2019) interviewed seven male competitive esports players to shed
light on the stressors and coping strategies that esports players encounter and utilize. The authors
categorized stressors into two general dimensions—internal and external stressors—which were
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divided into two different subcategories. For internal stressors involving the team, researchers
found that players experienced stressors such as a lack of communication, lack of shared team
goals, and criticism from team members. For internal stressors involving the individual,
researchers found that there were issues revolving the work/life balance. For external stressors,
there were common themes involving external criticism (e.g., from the opposing team or social
media) and competition (e.g., live audience). They found that the most prevalent stressors were
related to the team (e.g., team communication, intra-team criticism). Additionally, they looked
for signs of different types of coping strategies (e.g., emotion-focused, problem-focused,
approach coping, appraisal coping) based on Lazarus and Folkman’s (1984) theories of coping.
They found that emotion focused strategies were most likely to be used before and after a
competition rather than during a competition, and they found that participants used problemfocused and avoidance coping to address communication stressors. Although this study has
issues with diversity (only looks at male players) and small sample sizes, it provides insight on
professional esport players’ stress.
Leis and Lautenbach (2020) reviewed prior literature to understand the relationship
between psychological or physiological stress and competitive or non-competitive settings.
Competitive settings involved playing for prizes (e.g., prize money, trophies) against others.
Non-competitive settings involved playing solo mode, against a computer. After reviewing a
total of 17 articles (12 non-competitive, 5 competitive), they found contradictory findings on
whether playing esports in competitive or non-competitive settings leads to changes in
physiological or psychological stress and concluded that more research needed to be conducted
on this topic. Contradictory findings may be best explained by methodological issues and
different operational definitions. For example, only a few studies were motivated by theories of

17

stress. Consequently, links between physiological models of stress and performance could not be
adequately compared. Furthermore, none of the studies were able to look at actual esports
competitions (experts). The authors urged future research to address these (among other)
limitations, as well as use a common definition of esports.
Expertise
In elite athletes, expertise affects the relationship between stress and performance
(Hanton et al., 2011 as cited in Weinberg & Gould, 2019a). Esports research in cognitive science
has focused on behavioral and cognitive factors differentiate novices from experts (Fanfarelli,
2018; Ding et al., 2018), and it has yet to explore the relationship between expertise and stress.
To understand the skills that professional players perceive to be important to expertise in
Overwatch, Fanfarelli thematically analyzed 12 interviews (1 conducted by the researcher and 11
on YouTube) of professional players. Like Himmelstein et al. (2017), players made distinctions
between mechanical skills (e.g., aim, positioning) and mental skills (e.g., communication, quick
decision-making). Because these interviews were posted online and edited, it is difficult to say
that we are getting an unbiased picture. However, in conjunction with Himmelstein et al. (2017),
Fanfarelli’s (2018) study suggests that there may be two domains of expertise in esports. Esports
players (professional or amateur) not only have to hone their in-game mechanics, but also
practice mental skills for success.
Ding et al. (2018) sought to understand the behavioral and neural correlates of expertise
in a Multiplayer Online Battle Arena Game (MOBA) known as League of Legends. First, they
had participants complete six behavioral tests (i.e., visual search task, simple reaction time,
mouse tracking, Flanker test, multi-object tracking, and implicit association test) and two
questionnaires (Big Five Inventory and Resilience Scale). Then, they had them play a game or
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two of League of Legends while physiological measures (i.e., EEG and ECG) were recorded.
From EEG and ECG signals, the authors derived HR, HRV and respiration rate measurements.
Participants consisted of 10 male professional League of Legends players, 10 male semiprofessional League of Legends trainees, and 20 male undergraduate students who reported
playing the game casually and frequently. There were significant differences between
professional players and other groups in the multi-object tracking behavioral task. That is,
professional players were able to track more objects than other groups. No other significant
findings were found for other cognitive tasks, contrary to what prior literature has found. The
authors suggest that these different findings may be because of differences in game genre (e.g.,
MOBA vs. action video games) and skills that different genres demand (e.g., cooperation,
planning, etc.). Additionally, the authors found that there was a significant positive correlation
between player rank in League of Legends and levels of conscientiousness. Physiological
measurements suggested that professional players were more focused throughout the game and
were able to manage stress during unpredictable or difficult gameplay. Although the researchers
were able to look at professional players, their sample size was small, and all participants were
recruited in China. Future studies may wish to see whether the results are replicable and apply to
other locations, and researchers may wish to conduct longitudinal studies to understand how
these cognitive skills arise.
Current Study
This thesis seeks to provide an explanation of the relationship between personality,
cohesion, physiological measures of arousal, and performance in teams. Few studies have
conducted controlled experiments to understand how cohesion interacts with personality to affect
performance in teams (e.g., Bradley et al., 2013; Barrick et al., 1998; Van Vianen & De Dreu,
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2001; Parkes, 1986), and no studies to our knowledge attempt to understand how physiological
arousal, as measured by heart rate and heart rate variability, mediates these relationships. The
relationship between cohesion and performance or personality and performance is not
straightforward, and personality has the potential to impact cohesion (task or social) to affect
performance. Although some studies have conceptualized “cohesion” as solely social cohesion,
cohesion is multidimensional, consisting of task and social aspects. Further, they have not yet
explored how this relationship manifests in esports settings (professional and non-professional)
or how physiological responses to stress impact these relationships. The current study seeks to
add to the current literature on collaborative learning and how individuals learn and perform in
teams. Specifically, the current study observes how expert and novice teams perform in stressful,
competitive environments. It considers the many relationships between expertise, personality
factors, cohesion, measures of physiological arousal, and performance. Given the risks of false
alarms when looking at a multitude of interactions between these factors, six a priori hypotheses
were formed. First, it was hypothesized that novices and experts differ in the types of cohesion
comments they make. Second, it was hypothesized that the type of cohesion language used by
experts and novices would correlate with performance. Third, it was hypothesized that the type
of cohesion language would correlate with physiological measurements of stress. Fourth, it was
hypothesized that the type of cohesion for novices as measured by the Group Environment
Questionnaire (GEQ) will correlate with physiological levels of stress. Fifth, it was hypothesized
that the type of personality for novices as measured by the Five Factor Model will correlate with
performance. Lastly, it was hypothesized that the type of personality for novices as measured by
the Five Factor Model will correlate with physiological levels of stress. To test these hypotheses,
two studies were conducted. The first study observed how experts performed and portrayed

20

cohesion through communication during a competitive, stressful environment. The second study
attempted to recreate a competitive, stressful environment to observe the relationship between
cohesion and performance for novices, seeking to understand the roles that stress and personality
play in this relationship. As a part of this study, novice players were randomly assigned to either
a task or social cohesion group and asked to compete in a novel multiplayer game in two teams
of two players for thirty minutes.
Methods
Study I
Subjects
Direct access to professional esports players is difficult. Therefore, many studies use
broad definitions of so-called “experts” (i.e., collegiate esports teams or high-ranking players).
Freeman & Wohn (2017) found that amateur and professional players had different criteria for
forming teams: While amateur players prioritized fostering existing friendships, professional
players prioritized the skill and compatibility (playstyle and personality) of potential teammates.
Furthermore, they found that although both amateur and professional players valued
communication and building coordination through offline activities, professional players valued
these experiences more through events like vacations and parties (Freeman & Wohn, 2017).
Because of the potential differences of how amateur and professional teams form and are
fostered, in the current study, experts were defined as individuals with any experience competing
on a professional esports team. To observe experts’ cohesion, Point of View (POV) videos
available on YouTube of the 2015 ESL Pro League finals were used in our study to collect audio
and video recordings during expert gameplay. Experts consisted of professional esports teams (n
= 10). Although each team consisted of five players, team members could not be discriminated
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by voice, comment, or video point of view because the game screen was predominantly featured
rather than footage of individuals on teams.
Procedure
To observe task and social cohesion language during expert gameplay, expert team
language was transcribed, coded, and recorded. The 2015 ESL Pro League Finals has 3 Englishspeaking teams (Cloud9, CLG, and LUMINOSITY) with multiple videos of their matches. Each
video has anywhere from 40 minutes to 60 minutes of footage of a game with multiple rounds.
There are 32 videos, but only 11 of them are in English. Most of the videos are from the team
known as Cloud9 because the team qualified for the tournament finals. Fifteen minutes of expert
gameplay was chosen randomly (approximately half-way through the available video) and
recorded using Camtasia, a video-editing and recording software (Techsmith, 2018). Because
closed captioning was not available for these videos on YouTube, each video had to be
individually transcribed. Individual statements made by esports athletes were coded as either
Task Cohesion (TC), Social Cohesion (SC), or Other. Task cohesion comments were
operationally defined as comments that referred to team strategies and objectives (e.g., “Let’s go
to the right and flank them”). Meanwhile, social cohesive comments were comments that were
evaluative (positive or negative), affective, or supportive (e.g., “Good job, [teammate name]”).
Comments were classified as “Other” if they were both task and socially cohesive (i.e., no clear
distinction between the two) or could not be identified as either task or social cohesion
comments (e.g., “They could have killed us!”).
Measures
Measures of Cohesion – Video Recordings. After transcribing and coding each
comment made, the total number of TC, SC, and Other comments were summed for each team.
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Totals for individual experts could not be obtained because their voices could not be
discriminated from one another. For each expert team, the number of TC comments and SC
comments were combined using the following index score: VEXPERT TEAMS = (TC – SC)/
(TC+SC). A video index score of -1 meant that expert teams were making solely social cohesive
comments, whereas a video index score of 1 meant that expert teams were making solely task
cohesive comments.
Measures of Performance. The current study assessed expert teams’ performance using
the performance index score PEXPERT TEAMS = (K-D)/(K+D), where K represents the number of
team kills and D represents the number of team deaths. Experts played an online game known as
Counterstrike: Global Offensive (CS:GO), a first-person shooter where two virtual teams of five
individuals compete against each other. A team is either an attacker (wins by planting a bomb or
eliminating the other team) or defender (wins by defusing a planted bomb or eliminating the
other team). According to the ESL’s Game Specific Rules (ESL Gaming GmbH, 2022), there are
three types of matches (Best of 1, Best of 3, and Best of 5). To win a match, a team must win the
best of 30 rounds (with the possibility of overtime). Each video had a specific match. Therefore,
a match win (1) or loss (0) was recorded on an Excel spreadsheet based on Half-Life
Television’s (HLTV) (2022) website (a website dedicated to covering news, statistics, and
rankings in CS:GO) and confirmed based on most rounds won. Team kills and deaths were
recorded on an Excel spreadsheet as well.
Study II
Subjects
Novices were screened for normal or corrected-to-normal vision. Participants were
recruited from the York College Research Subject Pool. A total of 4 participants were allowed to
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register for each 1-hour timeslot, during which two teams of two participants were created.
Timeslots were coded as either Task or Social cohesion conditions prior to the start of the session
based on the condition of the previous session (i.e., If Session 1 was a task cohesion condition,
then Session 2 was a social cohesion condition). A total of 56 novices were recruited, but only a
total of 31 participants were included in individual analyses involving measures of cohesion
(video index and GEQ), performance, and stress because of missing video data or other technical
difficulties. Of these 31 participants, 21 participants were in the task cohesion condition, and 10
participants were in the social cohesion condition. From these 31 participants, only 13 novice
teams had 2 novice team members. These 13 teams were compared to expert teams from Study I.
Of these teams, 4 were social cohesion teams and 9 were task cohesion teams. A total of 29
participants were included in analyses involving personality traits due to incomplete
questionnaire data. Participants did not receive any compensation for participating in the study
apart from course credit issued by the research pool. All procedures were reviewed and approved
by the York College Institutional Review Board (IRB).
Procedure
Participants provided written consent to participate in the study and for audio and visual
recording. All four subjects in a session were randomly assigned to a task or social cohesion
team. There were two teams during each session, and each team consisted of two players. In
instances where teams were incomplete, a researcher sat in. To mitigate the influence of the
participating researcher and minimize demand characteristics, the participating researcher only
reacted briefly to player comments rather than leading conversations. The researcher’s score and
comments were recorded, but these data were not included in the final analyses. Data indicated
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that the presence of the researcher did not affect measures of cohesion, performance, or stress
(Table 1).
Table 1
Descriptive Statistics and t-tests for Group with Researcher and Group Without Researcher
Group With
Researchera
M
SD
Video Index Scores
.51
0.50
GEQ Index Scores
.10
0.09
Performance Index Scores .05
0.43
Mean Pulse Rate
89.00 10.91
a

Group Without
Researcherb
M
SD
.50
0.52
.09
0.10
.07
.45
88.66
11.40

t
-.33
-.18
.21
-.11

df
55
55
55
55

p
.75
.86
.82
.91

n = 31. b n = 26

Once seated, participants completed the personality scale. The game, its controls, and its
objectives were explained, and participants practiced using the game’s controls. Participants
were directed to familiarize themselves with their team color (tank color) and who their
teammates were. They were encouraged to speak to each other throughout the gameplay
sessions. Based on their condition, participants were given different instructions. Task cohesion
teams were informed that “The winner is the person with the most individual kills and fewest
losses.” Social cohesion teams were informed that “The winner is the team with the most kills
and fewest team losses.” After instructions were given, participants were asked if they
understood them. Then, participants were directed on how to turn on and put on pulse oximeters.
They were assisted in this process to ensure that all the pulse oximeters were properly placed.
After participants were instructed to start the game, teams competed against each other for 30
minutes. Once the 30-minute gameplay session ended, participants were asked to complete the
Group Environment Questionnaire (GEQ).
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Apparatus
Participants played a novel multiplayer game known as “Tanks!!!” available and
supported by Unity 2019.2.4fl (64 bit) (Unity Technologies, n.d.). In this game, participants
played as tanks that could move around a maze and attack opponents. Players controlled tanks
with a mouse (right-click to attack) and a keyboard (W for forward, A for left, S for back, and D
for right). Players were assigned to teams, where they could attack both team members and
opposing teams. Players could see their health bars on the top of their tanks (but below their
player names), and they could pick up shields for defense, bullets, and health packs (Figure 1).
Figure 1
Example of a Tanks!!! Gameplay Screen

If a player picked up a defense pack in the middle of the map, a circle surrounded the player,
informing all players when the shield would expire. Different bullets (represented in different
colors) provided different types of bullet properties. Yellow bullets were standard colored
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bullets. Red bullets were acquired bullets with increased damage. Blue bullets were acquired
bullets that bounced off walls.
Participants sat in a room with four computers (2 players on the left for Team 1, and 2
players on the right for Team 2). Opposing teams could not see each other’s screens. Two Apple
iMac computers (27” Mid 2011; 8Gb 3.4GHz quad-core Intel Core i7; 16Gb of 1333MHz DDR3
memory; AMD Radeon HD 6970M with 2GB GDDR5; 2560 by 1440 pixels; 60 Hz), an Apple
Macbook Pro laptop (15.4” Late 2011; 8 Gb 1333MHz DDR3 memory; 2.5GHz quad-core Intel
Core i7 processor with 8MB shared L3 cache; AMD Radeon HD 6770M graphics processor with
1GB of GDDR5 memory; 1440 by 900 (native) pixels; 60 Hz), and a Micro-Star International
(MSI) laptop (32 Gb Intel Core i7-8750H Six-Core Processor; 2.2 GHz; NVIDIA GeForce RTX
2080 (8GB GDDR6); 15.6" display with 1920 x 1080 pixels; 144 Hz refresh rate) were used to
display the game. The PC version and MAC version of the game were used. The PC version was
adapted into a MAC version, but both versions were functionally equivalent. Both PC and MAC
versions were opened in windowed mode, with a screen resolution of 1680 x 1050 and the fastest
graphics quality option available in Unity.
Measures
Measures of Cohesion – Video Recordings. Two GoPro Hero 4 Sessions Cameras
(GoPro Inc., 2015; 1280x720 screen resolution) were used for audio and visual recording during
novice teams’ gameplay. These recordings were transcribed and used to classify novices’
language using the same criteria as experts’ language (i.e., social cohesion, task cohesion, and
other). Each GoPro camera was set up between each team’s computers (Figure 2).
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Figure 2
Apple iMac Computer, Camera, and Pulse Oximeter Set-Up

Note. A typical set-up and gameplay screen for Player 4. A GoPro Hero 4 Sessions Camera was
placed between Player 3 and Player 4 (left). A pulse oximeter was placed on Player 4’s pinky of
the left hand. Players used a keyboard to move and a mouse to attack.

After the experimenter transcribed and coded each comment made using the rubric described in
the procedure for Study 1, the total number of TC, SC, and Other comments were added. For
each participant, a video index score was computed: VNOVICE = (TC – SC)/ (TC+SC). For each
team, the number of TC comments and SC comments were combined, and then a team video
index score was computed: VNOVICE TEAMS = (TC – SC)/ (TC+SC).
Measures of Cohesion – Group Environment Questionnaire (GEQ). The Group
Environment Questionnaire (GEQ) was adapted to measure novices’ cohesion. Developed by
Carron, Brawley, and Widmeyer (1987), the GEQ is a reliable and valid measure of cohesion
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(Brawley, Carron, & Widmeyer, 1987; Carron et al., 1998; Weinberg & Gould, 2019c; Bosselut,
Heuze, Castro, Fouquereau, Chevalier, 2018; Carron, Eys, & Martin, 2012). The Group
Environment Questionnaire consists of 18 questions measuring task and social cohesion on a
group and individual level (Group Integration – Task or Social; Attraction to Group – Task or
Social). An example of an Attraction to Group (ATG) – Task question is “I like this team’s style
of play.” An example of a Group Integration (GI) – Task question is “We all take responsibility
for any loss or poor performance by our team” (Widmeyer, Brawley, & Carron, 1985). The
questions can be answered on a scale of 1 to 9, where 1 represents “Strongly Disagree” and 9
represents “Strongly Agree.” Carron, Brawley, and Widmeyer provide clear guidelines on how
to adapt the GEQ to different team settings, where some of the language may not be directly
applicable in different contexts (Carron & Brawley, 2000). Using these guidelines, 9 questions
were amended to apply to this context. For example, a prompt like “I am not going to miss the
members of this team when the season ends” was amended to “I am not going to miss the
members of this team when this session ends” and a prompt like “I do not enjoy being a part of
the social activities of this team” was amended to “I do not enjoy being a part of this team.” Out
of 18 statements in the GEQ, 6 are positive and 12 are negative. Task and social cohesion scales
have 3 positive statements and 6 negative statements each. Participants were asked to indicate
their level of agreement with both negative and positive statements. Therefore, the sign of the
responses to negative statements had to be reversed (e.g., instead of 1 = strongly disagree and 9 =
strongly agree, 9 = strongly disagree and 1 = strongly agree). The totals were obtained for each
subscale (e.g., ATG – Task) and GI and ATG subscales totals were combined to obtain a total
sum for Social and Task Cohesion scales. The total was divided by the number of items in each
scale (9) to obtain a scale score. For each participant, the following GEQ index score was
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computed: GNOVICE = (TC – SC)/(TC+SC). A GEQ index score of -1 meant that participants
perceived the team to be more socially cohesive, while a GEQ index score of 1 meant that
participants perceived the team to be more task cohesive.
Measures of Performance. The current study measured novice performance using
performance index scores for teams (PNOVICE TEAMS) or individuals (PNOVICE) (e.g., PNOVICE = (KD)/(K+D)). After each game, researchers took a screenshot to record the outcome of the match
(Figure 1). The top-middle numbers on the screen represent how many kills a team has, with the
bars next to them representing the team color and how many members are in a team. The top-left
numbers represent how many kills and deaths a respective player has. Screenshots included
individual kills and deaths, so each screenshot score was added to an Excel spreadsheet. Novices
were informed that whether a team wins or loses depends on the team’s goals, but consistent
with expert measures of performance, the novice team with the highest number of kills won. A
win (1) or loss (0) was recorded on an Excel spreadsheet.
Measures of Personality. A 50-item International Personality Item Pool (IPIP) scale
based on Goldberg’s (1992) Five Factor Model (FFM) markers was used to categorize
participants. This scale asks participants to indicate whether 50 short statements were “Very
Inaccurate” or “Very Accurate” using a 5-point Likert Scale. Out of 50 statements, there were 26
positively and 24 negatively keyed items. Examples of extraversion items include “Am the life
of the party” (+) and “Don’t talk a lot” (-). Examples of agreeableness items include
“Sympathize with others’ feelings” (+) and “Feel little concern for others” (-). Additional
examples of positively and negatively keyed items are provided in the Appendix. Although some
personality traits had more negatively or positively keyed items, there were a total of 10 items
for each personality trait. When coding this scale for positively keyed items, “Very Inaccurate”
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answers had a value of 1, and “Very Accurate” answers had a value of 5. When coding this scale
for negatively keyed items, “Very Inaccurate” answers had a value of 5, and “Very Accurate”
answers had a value of 1. The highest possible score that could be achieved is 50. To obtain a
mean score for each trait, the values for each relevant statement (10) were added and divided by
the highest possible score (50). Therefore, the closer the personality score was to 0.2, the less of
a trait that a person possessed. The closer the personality score was to 1, the more of a trait that a
person possessed.
Physiological Measures of Stress – Pulse Oximeter. A Contec Medical Systems Co.,
Ltd. (2018) pulse oximeter (CMS60D-VET) was used to collect non-invasive physiological
measurements of arousal (pulse rate and blood oxygen saturation). The pulse oximeter recorded
data, and using its bundled software, SpO2 Assistant, the data was transferred to an Excel
spreadsheet. The pulse oximeter had a 5 second or less data update delay from the time a clip
was placed on a finger and the time it reported data. A clip with sensors was placed on the pinky
of the left hand to prevent motion artifacts during gameplay. This method worked well because
participants used their other fingers to move, and the pinky could rest on the keyboard or desk.
During pilot testing, it was found that the pulse oximeter was not very responsive on the ear.
Furthermore, it was found that placing the pulse oximeter on the index finger could also produce
motion artifacts during gameplay. Using SpO2 Assistant, an Excel spreadsheet containing time,
pulse rate (PR), and oxygen saturation (SpO2) data was created for each individual participant. A
30-minute interval was extracted, with a total of 1801 possible time samples, for each
participant. Artifacts, indicated by extreme scores (e.g., 255+ HR or 0 SpO2) were identified and
removed, and the total number of deleted entries was recorded. Mean PR was calculated and
recorded on a worksheet that summarized all participant’s data.
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As mentioned previously, arousal can be measured through changes in heart rate (HR)
and heart rate variability (HRV). Heart rate variability is defined as the variance in the amount of
time between consecutive heartbeats and can be measured through time (e.g., root mean square
of successive differences (RMSSD), standard deviation of the interbeat interval of normal sinus
beats (SDNN)) or frequency (e.g., ULF band, LF band) domains. Time domain measures of
HRV vary from less than 1 minute to more than 24 hours, with RMSSD typically requiring about
5 minutes of recordings. To calculate RMSSD, each time difference between successive
heartbeats is squared, the squares are averaged, and the square root of the total is computed (for a
full review, see Shafer & Ginsberg, 2017). The pulse oximeter used does not report raw time
stamps. Therefore, RMSSD could not be computed. However, the pulse oximeter reported pulse
periodically. Because pulse rate variability is a reasonable surrogate for HRV (Mejia-Mejia et al.,
2020), mean pulse rate (PR) was used as a measure of stress.
Results
Cohesion Comments from Experts and Novices
Expert teams made 2,084 task cohesion comments and 213 social cohesion comments,
and novice teams made 771 task cohesion comments and 160 social cohesion comments. To test
the hypothesis that expert teams use more task cohesion language than social cohesion language,
a chi-square goodness of fit test was conducted. Significant deviations from expected values
were found, X2(1, 2297) = 1524.01, p < .01 (Figure 3). Expert teams were more likely to make
task cohesion comments than social cohesion comments.
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Figure 3
Expert Teams’ One-Sample Chi-Square Goodness of Fit Test

To test the hypothesis that novice teams use more social cohesion language than task
cohesion language, a chi-square goodness of fit test was conducted. Significant deviations from
the expected values were found, X2(1, 931) = 400.99, p <.01 (Figure 4). Novices are more likely
to make task cohesion comments than social cohesion comments.
Figure 4
Novice Teams’ One-Sample Chi-Square Goodness of Fit Test
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A chi-square test of independence was conducted to assess whether novices and experts
differed in the type of cohesion comments they make (task or social). A significant difference
from expected values was found, X2(1, 3228) = 40.59, p < .01. The odds ratio showed that the
odds of teams making task cohesion comments were 2.03 times higher if they were experts than
if they were novices (odds ratio = [(TCEXPERT/SCEXPERT)/(TCNOVICE/SCNOVICE)]). The chi-square
shows hints that relative to expected values, novices are making more SC comments than
expected. In addition, relative to expected values, experts are making more TC comments than
expected. To directly compare the type of comments made between novices and experts, we
converted the number of TC and SC comments into video index scores (e.g., VNOVICE TEAMS =
[(TC-SC)/(TC+SC)]). Expert teams’ (n = 10) average video index score was 0.8 (SD = 0.1), and
novice teams’ (n = 13) average video index score was 0.5 (SD = 0.5). A Shapiro-Wilk test
revealed that while expert’s video index values were normally distributed, W(10) = 0.95, p =
.708, novice’s video index values were not normally distributed, W(13) = 0.79, p = .005. Because
the assumption of normal distribution was not met, a t-test could not be conducted. Therefore, to
assess whether novices and experts differ in the types of cohesion comments that they made, a
Mann-Whitney U-Test was conducted. Expert teams (Mdn = 0.81) had significantly higher video
index scores than novice teams (Mdn = 0.60), which implies that expert teams make more task
cohesion comments and novice teams make more social cohesion comments (Figure 5), U = 24,
z = -2.54, p = .01, r = -.53.
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Figure 5
Independent-Samples Mann-Whitney U-Test for Video Index Scores for Novice and Expert
Teams
Experts

Novices

VEXPERT TEAMS

VNOVICE TEAMS

Note. A video index value of -1.00 suggests that teams were making solely social cohesive
comments. A video index value of 1.00 suggests that teams were making solely task cohesive
comments.

Cohesion Language and Performance for Experts and Novices
Simple linear regressions were conducted to understand the relationship between video
index scores and performance (PEXPERT TEAMS, PNOVICE TEAMS) for expert (n = 10) and novice
teams (n = 13). Expert teams had a mean of 88.40 kills (SD = 20.57) and 92.00 deaths (SD =
12.64). Their average performance index score was -0.03 (SD = 0.11), and their average video
index score was 0.82 (SD = 0.09). A simple linear regression showed that the relationship
between video index scores of expert teams (R2 = .01) did not significantly account for the
variance in the performance index scores of expert teams, F (1,8) = 0.11, p = .75 (Figure 6).
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Figure 6
Simple Linear Regression for Video Index Scores and Performance Index Scores for Experts

Novice teams had a mean of 80.69 kills (SD = 33.48) and 68.23 deaths (SD = 38.98).
Their average performance index score was 0.10 (SD = 0.40), and their average video index
score was 0.46 (SD = 0.51). A simple linear regression showed that the relationship between
novice video index scores (R2 = .10) did not significantly account for the variance in the
performance index scores of novice teams, F (1,11) = 0.11, p = .75 (Figure 7). Because there
were no significant relationships found between video index scores and performance index
scores of expert or novice teams, post-hoc analyses were not conducted.
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Figure 7
Simple Linear Regression for Video Index Scores and Performance Index Scores for Novices

Cohesion Language and Mean Pulse Rate for Individual Novices
To understand the relationship between the video index score for individual novices (n =
31, M = .5, SD = 0.5) and mean PR (n = 31, M = 89.0, SD = 10.91), a simple linear regression
was conducted. Results showed that the relationship between the video index score of individual
novices (R2 = .00) did not significantly account for the variance in mean PR, F (1, 29) = 0.78, p =
.782 (Figure 8).
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Figure 8
Simple Linear Regression for Video Index Scores and Mean Pulse Rate for Individual Novices

Group Environment Questionnaire (GEQ) Index Score and Mean Pulse Rate for
Individual Novices
To understand the relationship between GEQ index score (n = 31, M = .1, SD = 0.1) and
mean PR (n = 31, M = 89.0, SD = 10.91) for individual novices, a simple linear regression was
conducted. Results showed that the relationship between GEQ index scores did not significantly
account for the variance in mean PR (R2 = .09), F (1, 29) = 3.025, p = .09 (Figure 9).
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Figure 9
Simple Linear Regression for GEQ Index Scores and Mean Pulse Rate for Individual Novices

Personality and Performance
For individual novices, the number of individual kills (K) and deaths (D) were converted
into performance index scores (i.e., PNOVICE = (K-D)/(K+D)). To understand the relationship
between individual personality factors and performance (PNOVICE), simple linear regressions were
conducted. Only a subset of personality traits yielded predictions that could be tested. The
average performance index score for individual novices (n = 31) was 0.05 (SD = 0.43). A simple
linear regression showed that Intellect/Imagination (R2 = .13) significantly predicted
performance index scores, F (1, 29) = 4.41, p = 0.045. While there was a priori justification to
conduct all comparisons listed in Table 2, a strict Bonferroni correction suggested there is no
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evidence for a relationship between Intellect/Imagination and performance. No other significant
relationships were found.
Table 2
Descriptive Statistics and Regression Coefficients for Personality and Performance Index Scores
for Individual Novices
Extraversion
Agreeableness
Conscientiousness
Emotional Stability
Intellect/Imagination

M
.61
.72
.69
.57
.68

SD
0.13
0.16
0.17
0.16
0.17

F
0.05
3.29
0.64
1.25
4.41*

R2
.00
.10
.02
.04
0.13

B
0.04
0.32
0.15
0.20
0.36

Note. Simple linear regressions were conducted to assess the relationship between personality
and performance index scores (M = 0.05, SD = 0.43).
n = 31
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Figure 10
Simple Linear Regression for Intellect/Imagination and Performance Index Scores for Individual
Novices

It should be noted, however, that 2 participants did not complete 56% (28/50 questions)
of the IPIP questionnaire. To obtain a mean score for each trait, the values for each relevant
statement (10) were added and divided by the highest possible score (50). Missing responses for
statements were given a score of 0. Without the inclusion of these 2 participants, the average
performance index score for individual novices (n = 29) was 0.09 (SD = 0.42). Table 3 shows the
F, R2, and B values for the simple linear regressions. No significant relationships were found.
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Table 3
Descriptive Statistics and Regression Coefficients for Personality and Performance Index Scores
for Individual Novices
Extraversion
Agreeableness
Conscientiousness
Emotional Stability
Intellect/Imagination

M
.62
.75
.72
.59
.70

SD
0.13
0.12
0.14
0.13
0.13

F
0.30
0.43
0.15
0.00
0.93

R2
.01
.02
.01
.00
0.03

B
-0.11
0.13
-0.07
0.01
0.18

Note. Simple linear regressions were conducted to assess the relationship between personality
and performance index scores (M = 0.09, SD = 0.42).
n = 29

Personality and Mean Pulse Rate
Because there were not enough individuals in our sample to conduct a multiple linear
regression (n < 100), simple linear regressions were conducted to assess whether individual
personality factors predicted mean PR. Only a subset of personality traits yielded predictions that
could be tested. The average mean PR for individual novices (n = 31) was 89.0 (SD = 10.91).
Table 4 shows the F, R2, and B values for the simple linear regressions. A simple linear
regression showed that Emotional Stability (R2 = .17) significantly predicted mean PR, F (1, 29)
= 6.01, p = 0.02. However, a strict Bonferroni correction would suggest there is no evidence for
a relationship. No other significant relationships were found.
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Table 4
Descriptive Statistics and Regressions Coefficients for Personality and Mean Pulse Rate for
Individual Novices
Extraversion
Agreeableness
Conscientiousness
Emotional Stability
Intellect/Imagination

M
.61
.72
.69
.57
.67

SD
0.13
0.16
0.17
0.16
0.17

F
0.33
2.47
2.10
6.01*
0.99

R2
.01
.08
.07
.17
.03

B
0.11
0.28
0.26
0.41
0.18

Note. Simple linear regressions were conducted to assess the relationship between personality
and mean pulse rate (M = 89.0, SD = 10.91)
n = 31

Figure 11
Simple Linear Regression for Emotional Stability and Mean Pulse Rate for Individual Novices

43

It should be noted, however, that 2 participants did not complete 56% (28/50 questions)
of the IPIP questionnaire. To obtain a mean score for each trait, the values for each relevant
statement (10) were added and divided by the highest possible score (50). Missing responses for
statements were given a score of 0. Without the inclusion of these 2 participants, the average
mean PR for individual novices (n = 29) was 89.84 (SD = 10.78). Table 5 shows the F, R2, and B
values for the simple linear regressions. No significant relationships were found.
Table 5
Descriptive Statistics and Regressions Coefficients for Personality and Mean Pulse Rate for
Individual Novices
M
Extraversion
Agreeableness
Conscientiousness
Emotional Stability
Intellect/Imagination

.62
.75
.72
.59
.70

SD
0.13
0.12
0.14
0.13
0.13

R2

F
0.00
0.37
0.33
2.91
0.02

B
.00
.01
.01
.10
.00

-0.01
0.12
0.11
0.31
-0.03

Note. Simple linear regressions were conducted to assess the relationship between personality
and mean pulse rate (M = 89.84, SD = 10.78)
n = 29

Discussion
To better understand and improve groupwork and collaborative learning in the classroom,
this laboratory study explored the relationship between expertise, personality, social cohesion,
physiological arousal, and performance. The first study observed how expert esports players
portrayed task and social cohesion through communication as they participated in a competition.
The second study sought to recreate a stressful, competitive environment for novice players to
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observe the relationship between task or social cohesion and performance and how factors like
personality and physiological arousal affect this relationship.
The results supported the first hypothesis. Both experts and novices made more task
cohesion comments than social cohesion comments. Additionally, expert teams made more task
cohesion comments than novice teams, and novice teams made more social cohesion comments
than expert teams. This is the first study to our knowledge that looks at how experts and novices
communicate. When forming teams, amateur players generally value friendship, whereas
professional players generally value skill and compatibility (Freeman & Wohn, 2017). These
values may extend to gameplay, as well. These findings suggest that social cohesion may be
more important for novices than experts during competition, whereas task cohesion may be more
important for experts than novices during competition. It would be interesting to explore if this
relationship changes the more time team members spend together during and outside of
competition. Lastly, in conjunction with previous findings, these findings provide further support
for the notion that a clear distinction should be made by authors when defining esports players
(e.g., experts, amateurs, high ranking, low ranking, novices).
There was not enough evidence to support the second hypothesis that the type of
cohesion language would correlate with performance. It is important to note that like previous
studies (e.g., Carron et al., 2002; Bradley et al., 2013; Barrick et al, 1998; Van Vianen & De
Dreu, 2001), this study looked at interactive teams with additive tasks. However, we did not find
significant results for the effect of cohesion on performance. The type of language used by
novice teams or expert teams did not predict performance. Additionally, there was not enough
evidence to refute the third null hypothesis, where cohesion language used by novices did not
predict stress, or the fourth hypothesis, where the type of cohesion as measured by the GEQ did
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not predict stress levels. Given the small sample sizes in task and social cohesion groups,
comparisons between personality, physiological measures of stress, and cohesion across social
and task cohesion novice groups could not be made. It is possible that the nature of the task at
hand encourages more task cohesion than social cohesion comments. Additionally, it is possible
that novices may not necessarily speak the way they feel about their teams’ cohesion. This idea
is supported by Bradley et al. (2013), which suggests that communication precedes cohesion as it
can take a longer time to develop strong cohesion than communication. However, given that
novices and experts differ in the type of cohesion language they use during gameplay and time
spent together, more research in this area is needed.
There was not enough evidence to refute the fifth or sixth null hypotheses, with a few
exceptions. It was hypothesized that the type of personality for novices as measured by the Five
Factor Model will correlate with performance (fifth hypothesis) or physiological stress (sixth
hypothesis). Intellect/imagination significantly predicted performance for novice individuals. As
intellect/imagination scores increased, performance increased. The results indicated that, for
novice individuals, as emotional stability increased, stress increased. Although these results are
consistent with previous findings (Schneider, 2004; Jackson & Schneider, 2014), these
significant findings were only seen with the addition of 2 participants who did not complete half
of the IPIP questionnaire. Without the inclusion of those 2 participants, no significant findings
were found. A possibility for differences in findings between the current study and previous
literature is that although efforts were made to create a competitive environment in the lab,
novices may have not been exposed to the same or similar levels of stress as experts. Although
both novices and experts competed against others, esports players face internal and external
stressors, such as criticism from teammates or others, communication issues, or work/life
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balance (Himmelstein et al., 2017; Smith et al., 2019). In fact, Leis & Lautenbach (2020) noted
that simulated competition led to lower levels of cortisol than real competition. Because novices
were exposed to a simulated competition in a laboratory, it is possible that they may have not felt
the same pressure as experts. Bradley et al. (2013), Barrick et al. (1998), and Van Vianen & De
Dreu (2001), all suggest that higher levels of agreeableness may result in higher performance and
that social cohesion may mediate this relationship. Although the teams they looked at varied in
the amount of time that they worked together (e.g., working on a research project throughout a
semester or working in a work team together), the current study was able to look at newly
formed teams and did not find similar results. The current study’s results suggest that the effect
that social cohesion has on the relationship between agreeableness and performance may depend
on how long teams have worked together.
This study had several limitations. Data collection primarily took place from spring 2019
to fall 2019, with study 1 taking place in spring 2019 and study 2 taking place in fall 2019. The
SARS-CoV-2 virus, or COVID-19, made it difficult to continue collect data for study 2,
especially because it required teams of 4 individuals to participate in an experiment for 1 hour.
Even when research guidelines allowed for more in-person research, it was not possible to safely
conduct an experiment with 4 individuals in the same room. Therefore, limited data was able to
be collected for study 2. All remaining experiments that could be conducted may have suffered
from low power due to a low sample size. Additionally, because experts could not be recruited in
the lab, physiological measures of stress, measures of cohesion, and personality measures could
not be compared between novices and experts. Future studies should recruit athletes in esports
teams (professional and amateur leagues). Another limitation of this study is that it did not assess
valence, or whether arousal levels were perceived as positive or negative experiences. Research
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has shown that participants’ interpretation of their arousal levels affects their performance.
Future studies should explore experts’ and novices’ perception of their arousal levels under
stressful environments. The current novice sample’s range of GEQ scores did not vary. This lack
of variability may be a result of how much time novices spent together. Future studies may wish
to see if this pattern is present among other novices and if or how it may change as a function of
time. The use of index scores was helpful in comparing experts and novices’ levels of cohesion.
However, it could not accurately reflect situations where teams spoke very little to each other
and only used social cohesion comments. These teams had a social cohesion score of -1,
regardless of how much or how little they spoke to each other. Despite these limitations, the
current study encourages a discussion about what environments promote performance for teams.
This discussion is important in the field of esports—in competitions and in schools that have
been implementing esports teams to promote collaboration. Additionally, it is important in other
team settings such as first responders who work in teams under stressful environments and
students as they develop teamwork skills in the classroom through collaborative learning.
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Appendix
Examples of Positively and Negatively Keyed Items Used in the International Personal Item Pool
(IPIP) scaled based on Goldberg’s (1992) Five Factor Model (FFM)
Personality trait

Positively
keyed item
(+)

Total
Negatively
positively
keyed item (-)
keyed items

Total
negatively
keyed items

Total items

Extraversion

“Am the life
of the party”
“Feel
comfortable
around
people”
“Sympathize
with others’
feelings”
“Take time
out for
others”
“Like order”
“Pay
attention to
details”

5

“Don’t talk a
lot”
“Don’t like to
draw attention
to myself”

5

10

6

“Insult
people”
“Feel little
concern for
others”

4

10

6

“Leave my
belongings
around”
“Neglect my
duties”
“Get stressed
out easily”
“Get upset
easily”

4

10

8

10

“Have
3
difficulty
understanding
abstract ideas”
“Do not have a
good
imagination”

10

Agreeableness

Conscientiousness

Emotional Stability

Intellect/Imagination

“Am relaxed 2
most of the
time”
“Seldom feel
blue”
“Have a vivid 7
imagination”
“Have
excellent
ideas”
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